Background: The American Thyroid Association (ATA) recommended the establishment of population specific reference ranges for thyroid hormones during pregnancy. Initial studies conducted in the United Arab Emirates (UAE) in 2003 and 2004 on pregnant women published a considerably higher upper limit for thyroid stimulating hormone (TSH) than that proposed by ATA. The UAE was classified as a country with mild iodine deficiency at the time of this initial study. After the implementation of aggressive strategies to address iodine deficiency over the last decade, the UAE was recently declared as iodine sufficient. The current study re-evaluates the reference intervals for thyroid hormones for pregnant women in the UAE after the declaration of iodine sufficiency status. Methods: TSH and free thyroxin (FT4) from 414 UAE national pregnant females were analyzed to determine trimester specific reference ranges. Results: The upper limits of the TSH reference ranges were found to be significantly lower than previously reported, but still higher than those recommended by ATA in 2011.
Introduction
It is well established that complex hormonal and metabolic changes are observed in pregnant women. These changes include increased iodine requirement due to increased renal clearance; increased degradation of thyroid hormones thyroxin (T4) and triiodothyronine (T3) by placental type 3 deiodinases; secondary binding protein changes with an increase in serum thyroxin binding globulin (TBG) concentrations and a decrease in serum albumin; and stimulation of the Thyrotropin (TSH) receptor by human chorionic gonadotropin (HCG) [1] . These changes are responsible for altered thyroid function tests observed during pregnancy [2] . Consequently, major professional organizations such as the American Thyroid Association (ATA), the Endocrine Society and the European Endocrine Society recommend the use of trimester-specific and assay specific reference ranges for maternal serum TSH and FT4 [3] [4] [5] .
The only published study of trimester specific reference ranges in UAE pregnant women was conducted in 2003-2004 [6] . At that time UAE was considered a country with mild iodine deficiency [7] [8] [9] and this was reflected in the upper limit of TSH observed [6] . Subsequently, the UAE Ministry of Health in collaboration with the Iodine Deficiency Federation implemented various prevention strategies that led to the declaration that the UAE is free of iodine deficiency by the International Council for Control of Iodine Deficiency Disorders in 2011 [10] .
In the light of this development and the recent recommendations we carried out a retrospective study among healthy pregnant UAE women at different stages of pregnancy to establish gestational specific reference ranges in an iodine sufficient status to guide diagnosis and screening for thyroid disorders in this region.
Materials and methods
The study was conducted at Corniche Hospital, in Abu Dhabi during 2016 and 2017 using surplus material from samples submitted to Corniche Hospital laboratory for routine clinical investigations. The study was approved by the Ethics Review Committee of Corniche hospital (ethics approval reference CH140716020).
Only healthy pregnant women were included in the study. Patients with a history of thyroid disorders, chronic diseases, twin pregnancies or altered renal function were excluded Sera from 452 pregnant women attending the hospital antenatal clinic, who fulfilled the above criteria were analyzed. Samples were analyzed for TSH, FT4 and thyroid peroxidase (TPO) antibodies. Samples found to be TPO antibodies positive were excluded from the statistical analysis.
Samples were collected in Becton Dickenson yellow top serum separator tubes (Catalog number 367957). Samples were allowed to clot for 30 min prior to centrifugation. Separated sera were frozen within two hours of collection and stored at − 20°C until the date of the analysis, which was within one month of collection.
1st Trimester was defined as 4-12 weeks gestation, 2nd trimester was defined as 13-28 weeks gestation and 3rd trimester was defined as > 28 weeks gestation. Gestational ages were determined using the calculations based on the last menstrual period (LMP), or early obstetric scan if available.
A total of 147 women were in the first trimester, 160 were in the second trimester, and 145 were in the third trimester. Serum TSH, FT4 and TPO antibodies were measured on the Roche e601 immunoassay analyzer using the electrochemiluminescence immunoassay "ECLIA" sandwich principle for TSH and the electrochemiluminescence immunoassay "ECLIA" competition principle for FT4 and TPO antibodies respectively. Results were determined via a calibration curve, which is instrument specifically generated by 2-point calibration, and a master curve provided via the reagent barcode. The analytical measuring range for TSH was 0.005 -100 mIU/L and that of FT4 was 0.3 -100 pmol/L [11] . A value of less than 34 kIU/L for TPO antibodies was considered negative as per the manufacturer quoted reference range [11] . Serum samples for TSH, FT4 and TPO antibodies are stable for one month when stored at − 20°C [11] .
The average imprecision (CV%) for 2 levels of internal quality control (QC) material used for each parameter were as follows: FT4 = 4.18% (3.34% & 5.01% for normal and abnormal levels respectively) and TSH = 4.07% (5.64% & 2.5% for normal and abnormal levels respectively).
Statistical analysis
Reference intervals were calculated for TSH and FT4 for each trimester using the EP Evaluator statistical software, which applies the non-parametric statistical method published by the Clinical Laboratory Standard Institute (CLSI) [12, 13] . This nonparametric method makes no assumption about the shape of the population distribution. The central 95%, which is an estimate of the normal range, was calculated for each analyte across the various gestational ages. The 90% confidence intervals and the confidence ratios were also calculated for each value. A confidence ratio value of 0.10 or less is desirable and values greater than 0.30 were flagged in the statistical report. Sub-analysis was also performed within the 1st trimester group for women who are 4-6 weeks pregnant and those who are 7-12 weeks. Comparisons between results for the various gestational groups were carried out using Analyse-it statistical program [14] . Polynomial regression analysis was performed between previously published reference ranges and the current ones to determine the effect of iodine sufficiency in this study as compared to previous values for TSH and FT4, p values of less than 0.05 were considered significant.
Results
A total of 452 patients were tested. Thirty three patients were positive for TPO antibodies and were excluded from further analysis. Additionally, one patient from the third trimester group was excluded due since the quantity of frozen serum was inadequate for analysis. The remaining 418 were included in the statistical analysis. On examination of the data 4 subjects were considered outliers as they exceeded 3 interquartile ranges and were further excluded from the reference ranges calculations. The central 95% intervals, 90% confidence intervals and the confidence ratios for the TSH and FT4 in each trimester are listed in Table 1 . Histograms and comparison plots for the study population are displayed in Figs. 1-3 . The upper limit for TSH at each trimester was significantly lower than previously reported (p .007) and it was still higher than the ATA 2011 recommendations.
There was no difference in the sub analysis between the 4-6 weeks and the 7-12 week groups this could be due to the fact that only 8 subjects were below 7 weeks and the remaining 128 subjects were all in the 7-12 weeks range.
Discussion
Altered maternal thyroid functions during pregnancy are associated with various maternal and child complications such as miscarriage, placenta abruption, preeclampsia and preterm delivery [15, 16] . Similarly, physiological alterations in the homeostatic control of thyroid hormones cause preterm delivery and impaired neurodevelopment of the child [17] [18] [19] [20] [21] [22] [23] .
Differences in free thyroid hormones due to different analytical methods have been reported in pregnancy. There are also considerable population dependent differences in FT4 and TSH reference intervals using the same analytical method [24, 25] . Accordingly, current guidelines advocate the use of population based, and assay specific trimester ranges for thyroid function tests. When population specific ranges are unavailable, an upper TSH limit of 2.5 for the first trimester and 3.0 mIU/L for the second and the third trimesters were initially proposed by the ATA in 2011 [3] . However, subsequent studies have demonstrated that there is significant geographic and ethnic diversity in TSH levels in pregnancy and case doubt on the validity of the upper limit of 2.5 mIU/ [26] [27] [28] [29] [30] [31] [32] [33] [34] . For example, a study of 4800 pregnant 4Chinese women established a population specific first trimester upper limit of 4.87 Table 2 Method and trimester specific TSH and FT4 medians and reference ranges using Roche Cobas e601/E-170, e411/ Elecsys methods. mIU/L for serum TSH [26] . Interestingly, of 118 Chinese pregnant women who had TSH > 2.5 mIU/L in the first trimester, only 30% and 20.3% of them had TSH > 3.0mIU/L at 20th and 30th week of gestation. Similarly, first trimester TSH ranges were reported respectively in India (0.44-5.78 mIU/L) Spain (0.12-5.76 mIU/L) and Korea (0.01-4.10 mIU/L) [27] [28] [29] [30] [31] [32] . In light of these observations, the ATA published revised guidelines in 2017, recommending a new upper limit of normal of 4.0 mIU/L for TSH in the first trimester and a new treatment protocol for hypothyroidism [35] . The guidelines also recommended the use of assay specific, population specific and trimester specific reference ranges in pregnant women [35] . In the current study, TSH upper limit was 3.3 mIU/L, which is somewhat higher than initial ATA value of 2.5 mIU/L, but consistent with the revised ATA upper limit of 4.0 mIU/L. As expected, TSH values were lowest in the 1st trimester group and increased in the second and 3rd trimesters respectively, while FT4 levels showed the opposite trend (Figs. 2 and 3) .
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Typically the lower end of TSH range is lower in the 1st trimester than the low end in the 2nd trimester. This was not true in our population were the low end for TSH in the 2nd trimester was actually lower than that of the first (0.05 versus 0.09 respectively). It is worth noting that our study population did not include patients with non-thyroidal illness.
We compared our results to those reported in different populations using the Roche method [1] and found significant variations especially from the USA data (Table 2) where the upper limit of TSH in the first trimester was only 1.06 mIU/L, versus 3.3 mIU/L for the UAE population.
Three data points for TSH were considered outliers as they exceeded three inter quartile ranges and were excluded; one point in the first trimester (5.43 mIU/L), one point in the 2nd trimester (6.56 mIU/L) and one point for the 3rd trimester (6.23 mIU/L). Also, one data point was considered an outlier for FT4 in the 2nd trimester (21.58 pmol/L) and was excluded. Examination of the medical records of these 4 subjects did not reveal any obvious thyroidal illness or other clinical findings that could explain these values.
Factors influencing thyroid function tests that were not addressed in our study include iodine status, body mass index (BMI) and inter-individual variation. We assumed that the study population is iodine sufficient based on the latest declaration by the UAE Ministry of Health and International Council for Control of Iodine Deficiency Disorders in 2011 [10] . Männistö et al. detected differences in the upper limits (95th percentile) of TSH among women with BMI > 30 kg/m 2 and < 20 kg/m 2 [36, 37] ; upper limits were higher for TSH (3.50 mU/L and 2.86 mU/L respectively) and lower for FT4 (11.6 and 12.3 pmol/L respectively).
It is recommended to include a minimum of 400 individual measurements per partition due to the high inter-individual variability and skewness for TSH and FT4 [37] , therefore a multicenter collaborative study on the national level may be required in the future to ensure the inclusion of adequate numbers. Our study did not address the issue of multi-ethnicity due to the fluctuating flux of migrating populations and rather focused on the local population constituting only one specific ethnic group. It would have been interesting to study age matched non-pregnant healthy control subjects alongside the study population for comparison; instead we verified the non-pregnant Roche quoted reference range on 20 healthy volunteers. The results of our study concur with the recent publications calling for an updated trimester and population specific TSH values.
Conclusion
TSH trimester specific reference ranges in UAE pregnant women are higher than those recommended by ATA in 2011 but in keeping with the latest guidelines published in 2017. This should be considered while interpreting thyroid function tests in this population. Further studies including urinary iodine measurement, BMI and larger numbers per partition in this population are recommended.
